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TECHNICAL MEMORANDUM X-76

AN EXPERIMENTAL PRESSURE-DISTRIBUTION INVESTIGATION OF
INTERFERENCE EFFECTS PRODUCED AT A MACH NUMBER OF 3.11
BY WEDGE-SHAPED BODIES LOCATED UNDER
A TRIANGULAR WING*

By Lowell E. Hasel
SUMMARY

An investigation has been made of the interference effects which
are produced at a Mach number of 3.11 by wedge-shaped bodies, simulating
nacelles, located under g triangular wing. The effects of the basic
variables of wedge angle and height, of internal air flow, and of modi-
fications to the basic shapes were studied by measuring and integrating
the pressures on the bodies and on the bottom wing surface. The results
were analyzed both from nacelle considerations, where the base-pressure
effects were neglected, and from volume considerations, where the base-
pressure effects must be included in the drag. The data and discussion
do not include the forces generated by the top surface of the wing since
the body pressures were generally felt only on the lower wing surface.

Location of the basiec body shapes under the wing did not produce a
favorable interference effect on the maximum lift-drag ratio, even when
the base-pressure drag was neglected. The maximum lift-drag ratio of
the configuration with the smallest body was sbout equal to the value
of the isolated wing, but the use of larger bodies resulted in lower
maximum lift-drag ratios. Modification of the basic body shape by
rounding the outboard edge or by maintaining a constant width over the
rear portion of the body improved the maximum lift-drag ratio. Modi-
fication of the basic body shape to incorporate g Supersonic nose inlet
did not alter the interference characteristics of the basic shape. The
agreement between the linear theory and experimental results was fairly
good at low 1ift coefficients for the smaller basic bodies. As the body
size and angle of attack increased, the discrepancies became larger.

When the bodies were considered from the viewpoint of drag per unit
volume, and the base drag was included, none of the bodies were as effi-
cient as an isolated, equal-volume, Haack body of fineness ratio 18.1.

*
Title, Unclassified.
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INTRODUCTION

At both subsonic and supersonic speeds, the drag of an aircraft
may be reduced by arranging or shaping the various components to utilize
or to produce favorable pressure-interference effects. These effects at
supersonic speeds have received considerable study. In one phase of the
study, the concern has been with the effects of placing a body under a
wing so that the positive pressure field of the body may produce lifting
pressures on the wing. (See refs. 1 to 3.) The body might be the air-
plane fuselage, an external store, or a powerplant installation. TFor a
powerplant installation made up of a series of engines, a rectangular
shaped nacelle might be used. Configurations incorporating this type
of engine installation are presented in references 4 and 5.

The interference effects produced by thin rectangular shaped bodies
have been studied theoretically, and this study is discussed in refer-
ence 1. The effect on overall lift-drag characteristics of placing flat-
sided, wedge-shaped bodies under a triangular wing was calculated by
means of linear theory. This study was limited to plane-sided shapes
which lent themselves to theoretical analysis. It was shown that at
optimum conditions the drag of the wing-body combination may be less
than that of the wing alone; however, the analysis neglected the effects
of the skin-friction drag due to the body and of the base drag, and no
correlation was made with experimental results.

It was the purpose of the present investigation to study experimen-
tally the interference effects at a Mach number of 3.11 resulting from
the location of wedge-shaped bodies (simulating engine-nacelle installa-
tions) under a triangular wing. The effects of the basic variables of
wedge angle and height, air flow, and modification of the basic wedge
shapes were investigated. Pressure distributions were measured on the
wedge and lower surface of the wigg at angles of attack from 0° to 6°.
The Reynolds number was 21.9 X 10° based on the wing root chord. The
pressure distributions were integrated to obtain the undersurface 1ift-
drag characteristics for comparison with linear theory and with the
wing-alone characteristics. The effects of skin friction and base drag
are discussed. Since the bodies might be used for fuel cells or storage
of equipment, the results are also discussed from the standpoint of volume
considerations. The data and discussion do not include the forces gen-
erated by the top surface of the wing since the body pressures were gen-
erally felt only on the lower wing surface.
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SYMBOLS

span
root chord

1lift coefficient

lift-coefficient increment at a given angle of attack between
any wing-body configuration and wing alone

drag coefficient
skin-friction coefficient

incremental-drag coefficient based on body volume raised to
the two-thirds power

pressure coefficient

maximum body height

lift-drag ratio

Reynolds number

chordwise distance measured from wing apex

spanwise distance measured from vertical center line of wing
local height on body measured from surface of wing

angle of attack

body or wedge half-angle

angular position (see fig. 16(m))

M2 - 1

wing-leading-edge angle of sweep

shock-wave angle

B cot A
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Subscripts:

B body

b base

P pressure forces, excluding base pressure

f total force, excluding base pressure

t total force

w wing

a angle of attack

2D two-dimensional

APPARATUS AND TESTS

Apparatus

The semispan model used in this investigation was mounted as shown
schematically in figure 1 in a Langley gas dynamics laboratory blowdown
Jjet having a test section which was 9 inches high and 10 inches wide.
The wing had a root chord ¢, of 8.66 inches and a semispan of
5.00 inches. The wing surface to which the bodies were attached was
flat and the angle of attack was measured with respect to this surface.
The opposite surface had a wedge angle of 50, measured in the stream
direction. This angle was held constant to the trailing edge, as illus-
trated by the typical section detail. A wing trailing-edge extension
of 1 inch was used during all of the tests in an attempt to minimize
interaction between the blunt bases of the wing and body. The wing was
mounted on a circular turntable which rotated to give the desired angle
of attack. Boundary-layer thickness on the reflection-plane surface was
minimized by use of a boundary-layer scoop and by keeping the distance
from the scoop leading edge to the wing as short as possible.

The fourteen bodies which were studied are shown schematically in
figure 2. The pertinent dimensions are tabulated and the dimensionless
volumes of the half-bodies which were tested are given for all bodies

except 8 and 9. For clarity the trailing-edge extension Just discussed
has been omitted in figure 2.

Bodies 1 to 7 were designed to investigate the effects of the basic
variables of wedge angle and body height, and to provide data for
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comparison with linear theory. The wedge half-angle & was varied from
3° to 9° and the body height h/c, was varied from 0.0525 t0.0.158 of

the wing root chord. The smallest and largest of these bodies are shown
in figure 2.

Bodies 8 and 9 were designed to determine the effects which internal
air flow might have on the body characteristics. These bodies were geo-
metrically similar to bodies 3 and 4 as far as wedge-half-angle ® and
body height h are concerned. An air inlet was located in the front of
these bodies. The inlet was designed to capture a stream tube of air
having a width of 0.0525¢c, and a height equal to the body height h.

The leading edge of the side of these bodies was located so as to be in
the same plane as the theoretical, two-dimensional shock wave generated
by bodies 3 and 4 at an angle of attack of 0°. The air captured by each
inlet was directed through the reflection-plane surface and dumped into
the atmosphere. Bodies 8 and 9 may be considered as inlet-nacelle instal-
lations operating at a mass-flow ratio of 1.

Bodies 10, 11, and 12 were designed to study the effects of altering
the rear portions of the basic wedge-shaped bodies. The forward portions
of these bodies were identical to body 4. On body 10 the bottom rear
section was cut back along a Mach line to duplicate the type of body
studied in reference 1. Bodies 11 and 12, respectively, had sections of

constant width over the rear half- and quarter-body lengths as shown in
figure 2.

Bodies 13 and 14 were designed to study the effects of replacing
the square outboard corner by a circular or elliptical corner. These
bodies were similar to body 4 in two aspects. The leading-edge half-
angle was 6° and the volumes were made the same as that of body 4 by
increasing the body heights. On body 13 the radius of the corner at
every chordwise station was equal to the local width established by the
6° half-angle of the wedge. The same criterion was used to establish «
the major axes of the local ellipses which form the edge of body 1kL.

In figure 2 the conical and elliptical portions of these bodies have
been shaded for illustrative purposes.

A typical orifice installation is illustrated in figure 3. 1In gen-
eral the orifices on both the wing and body were located in 11 chordwise
stations. Several additional orifices were located near the wing leading
edge to assist in determining the location of the shock wave produced by
the body. A total of 47 orifices were located on the wing with varying
numbers being covered by the different bodies. There were 43 4o 57 ori-
fices installed in the bodies. This relatively large number of body ori-
fices, compared with that of the wing installation, was considered nec-
essary to determine with sufficient accuracy the pressure distributions
on the bodies. The base pressures on the bodies were measured by 2 to

4 orifices.
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Tests *

The tests were conducted in a blowdown jet at a Mach number of 3.11.
The stagnation pressure was 210 pounds per square inch absolute. The
Reynolds number based on the length of the w1ng root chord was 21.9 X lOO
The angle of attack was varied from O° to 6°. Model pressures were indi-
cated on mercury manometer boards and were photographically recorded.
All tests were conducted with free transition.

LS

REDUCTION AND ACCURACY OF DATA

U0 H

In an investigation of the type presented herein, the method of
reducing the data may have an important effect upon the overall accuracy
of the results. The reduction and accuracy of data are, therefore, dis-
cussed concurrently. The accuracy of the individual pressure coeffi-
cients Cp is about *0.003. It is difficult to determine the overall

accuracy of the integrated results. It is believed, however, that the
following discussion indicates that the errors due to data-reduction
techniques are small and that the overall accuracy is, therefore, good.

The general procedure for determining the normal-force coefficients
was to fair and integrate the basic data at each chordwise station. These
integrated results were then plotted against x/co and integrated to

obtain the final results. A typical fairing of the basic data is shown

in figure 3. These data were obtained at an angle of attack of 0° and

a value of x/co of 0.798 on wing-body configuration 4. The symbols
indicate the surfaces on which the pressures were obtained. It will be
noted that one pressure from the side of the wedge (measured by orifice

in row closest to wing surface) has been included in the data and that
this wedge pressure is about equal to a nearby pressure measured on the
wing surface. At other chordwise stations a wing pressure is usually

not measured close to the wedge, and at these stations the wing pressure
at the wing-body juncture is assumed to equal the pressure measured nearby
on the vertical surface of the wedge. This assumption is more accurate
over the rear 60 to 70 percent of the configuration where the wedge side
pressures do not vary rapidly over the height of the wedge. It was
assumed for fairing purposes that the pressure rise across the shock

wave from the leading edge of the body was discontinuous. From boundary-
layer considerations, one might expect the pressure rise to occur over

a small but finite region, and the data indicate this fact to be true.

It is not thought, however, that the assumption of a discontinucus rise
results in any significant error in the final results. The location of
the body shock wave was determined by the procedure which follows. The
approximate location at each chordwise station was determined by comparing
the pressures on the wing-body combinations with the pressures on the wing
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alone. A consideration of these approximate locations over the whole
wing and the fact that the shock wave must be a continuous line ensabled
the shock position to be established within relatively narrow limits.
Further refinements were possible by correlating the shock positions of
the various bodies at the four angles of attack. The estimated shock
location at o = 0° for body 4 is shown in figure 3 to illustrate that
when the shock is known to be between two orifices at each station the
shock location is established within small limits. The pressure distri-
bution outboard of the body shock was assumed to be equal to the wing-
alone distributions. The fairing of the data is probably the least
accurate over the forward 20 to 30 percent of each configuration because
of the rapidly changing pressures and the limited number of orifices.

As these data were faired, consideration was given to the theoretical
pressures which would be expected in these regions. It is believed that
these fairings are reasonably accurate and the resultant errors in the
final data are small. Since the data were all faired from similar con-
siderations, the relative errors between the configurations should be
especially small.

The chord-force coefficients for all bodies except 13 and 14 were
obtained by plotting as a function of x/co, fairing, and integrating

the data obtained at the three body heights z/co. A second integration

along the body height was performed to obtain the final force coefficients.
For bodies 13 and 14 the forces on the curved surfaces were obtained by
integrating first along a radial line and then around the curved surface.
On the flat surfaces the integrations were made first along the body
height and then along the body length.

The fairing of the chord-force data, as with the normal-force data,
is less accurate over the forward part of the bodies because of the
relatively rapidly changing pressures caused by the wing pressure field
and the expansion around the corner of the body. The data were all faired
to a value equal to the two-dimensional pressure at the leading edge of
each body. It is thought that the accuracy of the chord-force dats is
the same as the accuracy of the normal-force data.

RESULTS AND DISCUSSION

General Remarks

Throughout the discussion the configurations incorporating bodies
1 to 7 are considered to be the basic configurations since these bodies
include the primary variables of body height and half-angle. Comparisons
with linear theory are limited to the results from these seven bodies.
The remainder of the bodies are considered to be variations of the basic
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shape, and their effects are discussed from this viewpoint. Bodies 9 to 14
are all variations of basic body 4. The characteristics of all configura-
tions are discussed both from a consideration of engine-nacelle installa-
tions, in which case it is assumed that the engine exhaust occupies the
base area so that the base-pressure drag is zero, and from a considera-
tion that the bodies provide needed volume. In the latter case the base-
pressure drag must be charged to the configurations. The data and dis-
cussion do not include the forces generated by the top surface of the
wing. For most of the configurations the forces on this surface are
independent of the body and, therefore, a consideration of these forces
would not alter the general conclusions; however, the absolute values of
the lift-drag ratio will be changed to some extent. For those configura-
tions in which the body shock moves ahead of the wing leading edge under
some test conditions, a consideration of the forces on the top surface of
the wing would decrease the value of L/D. These conditions occur at an
angle of attack of 6° for bodies 3, 4, and 5 and at angles of attack of 2°
and above for bodies 6 and 7. The 1lift and drag coefficients obtained
from the measured pressure distributions are given in table I.

Basic Data

General remarks.- The lifting pressure distributions measured on the
bottom surface of the wing alone are presented in figure 4. The data were
obtained at angles of attack varying from 0° to 6° and at 11 chordwise
stations. The pressure distributions are generally faired through the
data points although some inconsistency in data fairing results. This
fairing was used to facilitate comparison with data from the wing~body
configurations in later figures.

The pressure distributions measured on the lower lifting surfaces
of the wing-body configurations are presented in figures 5 to 13. The
data have been grouped in the figures to illustrate the effects of various
changes in body shape on the pressure distributions. The effects of the
basic body variables of wedge height h/co and wedge half-angle & are

illustrated in figures 5 to 7. Figures 8 to 135 illustrate the effects of
modifying the basic body shapes. All of these modifications, excepting
body 8, are based on body 4. The pressure distributions presented in
figures 5 to 13 are based on pressures measured on the sides of the bodies
as well as pressures measured on the bottom surfaces of wing and body.

A detailed discussion of the origin of the data and method of fairing is
presented in the section entitled "Reduction and Accuracy of Data." The
basic pressure distributions are discussed herein in only a general manner.
Details of the distributions are not considered.

The body orifices on configuration 5 were not located in the same
chordwise stations as the wing orifices. The body data presented in
figure 6 for configuration 5 were, therefore, obtained from faired curves.
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No pressure distributions are presented for the bottom surface of body 7
(fig. 7) because of inconsistencies in the measured pressures. These
inconsistencies are believed to have been caused by a localized, small

air leak at the junction of the body and splitter plate. This leak did

not significantly affect the pressures on the wing or side of the body.

The integrated pressure forces for configuration 7 were obtained by
assuming that the pressure distributions on the bottom surfaces of bodies 6
and T were identical. The resultant error in the pressure forces should
be small since the pressure distributions on the bottoms of the bodies

were affected very little by body height (figs. 5 and 6).

The shock locations from the data for bodies 1 to ' are shown in
figure 14. The front portions of bodies 10, 11, and 12 are the same as
body 4 and the shock locations are, therefore, the same. A study of the
data from bodies 13 and 14 did not indicate any change in shock location
from that of body 4 although the heights of bodies 13 and 14 and the
curved edges might have been expected to produce some changes. For
bodies 8 and 9 the shock waves were slightly outboard from the shock
waves of bodies 3 and &4, respectively. This location of the shock waves
would be expected because the origin of the shock wave was moved outboard
from the wing center line.

Lifting pressure distributions for bodies 1 through 7.- The data
presented in figures 5, 6, and T indicate the effects which the wedge-
shaped bodies have on the wing pressure distributions. Near the wing
apex the pressures are a function of the body half-angle. Farther back
on the wing the pressures decrease significantly since the body heights
are not sufficient to maintain a two-dimensional flow field over the
wing. The magnitude of the pressure decrease is larger for the smaller
body heights, as would be expected. The interference pPressure rise on
the bottom of the body is smaller than on the wing and appears to be
independent of the body height. Near the edge of the body the pressures
on the bottom surface become more negative, probably because of an over-
expansion around the square edges of the bodies. It may be noted in fig-
ure 12 that the overexpansion of pressures does not occur on body 13,
which has the rounded edge.

Interference 1ift coefficients of bodies 1 to 7.- The 1ift coeffi-
cients produced at an angle of attack of 0° by bodies 1 to T are given
at the top of figure 15. These values vary from 0.0077 for body 1 to
0.0532 for body 7. (At a = 4° the 1ift coefficient of the isolated
wing is 0.0545.) The average interference-1ift coefficients over the
angle-of-attack range (ACL,p,average) are from 0.001 to 0.005 higher

than the values at o = 0O, The variation of the interference 1ift with
body height h/co is due to the fact that none of the body heights were

large enough to produce completely two-dimensional flow on the wing. The

——
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two-dimensional height (based on the Mach angle of the flow after the
9° compression). It is of interest to examine (fig. 15) the variation
with body height of the ratio of the measured lift coefficients at O°
angle of attack and a calculated 1ift coefficient based on the two-
dimensional pressure rise (Cp,ED) created by the various wedge half-

height of body 7 (gl = 0.158), for example, was about 39 percent of the

angles. This two-dimensional pressure was assumed to act on all the wing
and body lifting surfaces behind the wedge shock wave. Over the experi-
mental range of h/c, the measured lift varies almost linearly with

h/c,. At larger body heights than él = 0.158 the rate of increase of

o]
the measured 1lift probably decreases significantly for ® = 3° and to a

smaller degree for & = 6° since at %L = 0.158 these bodies are less

0O
19

than 50 percent of the two-dimensional heights but have already developed
a larger portion of the two-dimensional lift. At a given value of h/co

the bodies develop a smaller percentage of the two-dimensional 1lift as

® increases. It thus appears that the interference pressures are relieved

relatively faster by three-dimensional effects as the body half-angle
increases.

Lifting pressure distributions and interference-1lift coefficients
of modified bodies.- Modification of bodies 3 and 4 to provide an air
inlet at the nose of bodies 8 and 9 does not appear to significantly
affect the pressure distributions over the rear portion of the wing
(figs. 8 and 9). This similarity of the pressure distributions is, in
part, due to the fact that the leading edges of the sides of bodies 8
and 9 were located in the plane of the theoretical two-dimensional shocks
produced by bodies 3 and 4. Over the forward portion of the wing the
pressure distributions created by bodies 8 and 9 differ from those of
bodies 3 and 4 because the regions of two-dimensional flow created by
the bodies start in different locations.

The shapes of bodies 10, 11, and 12 were identical to body 4 back
to values of x/cy, of 0.682, 0.50, and 0.75, respectively. The pressure

distributions over the major portions of the wing should, therefore, be
the same for the four configurations (figs. 10 and 11). The expansion
on the bottom of body 10 appears to be felt over the inboard section of

the wing at gL = 0.971l. This expansion results in a negative lift on

o}
the rear of the body such that the overall lift coefficient at each angle
of attack is about 0.010 less than for body 4. The expansions produced
by the sides of bodies 11 and 12 affect the wing pressures as shown in
figure 11. These expansion fields reduce the lift coefficients by about
0.010 and 0.004, respectively, over the angle-of-attack range.

=
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The pressure distributions which are produced by bodies 13 and 1k
(figs. 12 and 13) are quite similar to those of body 4. At ‘the forward
station, bodies 13 and 14 produce slightly higher pressures, probably
because of the slightly greater heights. Over the inboard rear stations
the wing pressures are less than with body 4. This effect probably is
obtained because of the rounded corners. On the bottom of body 13 the
reduction of pressure which occurred near the edge of body U4 appears to
have been eliminated. The interference lifts of these two bodies are
from 0.002 to 0.006 higher than for body k.

Pressure distributions on the sides of the bodies.- The pressures
on the side surfaces of the bodies are presented in figure 16. In gen-
eral, the pressures were measured at three heights z/cy, on the sides

of the bodies, and the pressures are plotted as a function of x/co.

Portions of the surfaces of bodies 13 and 14 were curved. For these two
bodies the pressures on the curved surfaces have been plotted as a func-
tion of angular position and on the flat surfaces as a function of z/co

for each of the 11 chordwise stations (figs. 16(m) to 16(t)). The pres-
sures change rapidly near the front of all the bodies because of the
effects of the wing flow field and the expansion around the corner of the
body. At the body leading edge the measured pressure coefficients should
be equal to the two-dimensional, calculated values of 0.039, 0.086, and
0.142 for the body half-angles of 39, 6°, and 99, respectively. The pres-
sures are relatively uniform over the rear half of each body except for
bodies 10, 11, and 12 which have abrupt changes of shape. On bodies 8
and 9 it was impossible to locate orifices near the leading edge because
of the internal air passages. The pressure distributions in these regions
have been estimated by a consideration of the wing pressure field and the
expansion field around the corner of the body.

Comparison of Experimental Results With Linear Theory

Wing alone.- The comparison of the experimental lift-drag variation
on the bottom surface of the wing alone with the variation predicted by
linear theory is presented in figure 17. The experimental increase of
drag with 1ift was less than predicted by linear theory. These differ-
ences, however, are small. At a 1ift coefficient of 0.05 the measured
drag is about 0.0003 less than the calculated drag. This drag reduc-
tion is due to the fact that the variation of the forces with angle of
attack is greater than predicted by the linear theory. The reason for
the difference is evident in figure 4 where the experimental and linear-
theory pressure distributions may be compared at the typical x/co sta-

tions of 0.278 and 0.971l. The experimental results show the same varia-
tion with spanwise location as the theoretical results out to the location
of the free-stream Mach angle originating from the wing apex. Outboard

of this point the linear theory predicts a cz;ftant pressure, but the
e AT
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experimental results show a continuously increasing pressure. It is
these large increases in outboard pressures which are primarily responsi-
ble for the larger forces at a given angle of attack.

Wing-body configurations.- This discussion of the wing-body config-
urations is limited to the results obtained from the configurations with
bodies 1 to 7 since these bodies are amenable to analysis by linear theory
and the results indicate the effects of the basic variables of body height
and body half-angle. The equations used for the calculations are presented
in appendix A. In these equations it is assumed that the body pressures
are felt only on that portion of the wing enclosed by the Mach lines from
the apex of each body; whereas, for some configurations at angles of
attack, the body shock waves move ahead of the wing leading edge. A com-
parison of the experimental and calculated results at an angle of attack
of 0° is presented in figure 18, where CL,p and CD,p sre each plotted

as a function of body height h/co. As would be expected, the forces

increase as the body height and half-angle become larger. The experi-
mental 1ift values (fig. 18(a)) are from 20 to 30 percent higher than

the theoretical values for all bodies except that at g% = 0.105, where
the increase is only about 15 percent. The drag results (fig. 18(b))
indicate that at small body angles the linear theory provides acceptable
accuracy. With © = 60, the experimental values of drag are about 0.0003
higher than calculated values. At © = 9°9 the differences are appreci-
ably larger. It must be remembered, of course, that the larger bodies
violate the small-disturbance assumptions of the linear theory. At

& = 99 the two-dimensional pressure rise at the body apex is 0.1u42,
which is about 33 percent larger than predicted by linear theory, and
both the 1ift and drag forces might, therefore, be expected to be larger
than the calculated forces. Another factor contributing to the larger
lift coefficients, as previously mentioned, is the fact that the body
pressures are felt over a larger portion of the wing surface than is
assumed in linear theory.

The experimental and calculated variations of drag coefficient with
1ift coefficient are compared over the angle-of-attack range in figure 19.
The unlabeled ticks and symbols in figure 19 denote conditions at angles
of attack of 20 and 4°. At values of 1ift at angles of attack near 0°,
the drags are equal to or larger than those calculated. The differences
between the calculated and experimental results are larger for the larger
bodies. As the 1ift increases, the drags become less than the calculated
values. This trend is similar to the trend for the wing alone (fig. 17).
At the higher angles of attack the measured forces are considerably larger
than the calculated values.

£\
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Effects of Bodies on Lift-Drag Ratio

The variation of lift-drag ratio with 1ift coefficient is presented
in “igure 20 for all the wing-body configurations. Three curves are pre-
sented for most configurations. The curve labeled (L/D)p includes only

pressure forces on the wing lower surface and forebody, (L/D)f includes

the pressure forces and a skin-friction drag on the corresponding surfaces,
(L/D)t includes the previous forces and the measured base-pressure drag.

The skin-friction drag is based on a turbulent skin-friction coefficient
of 0.0013, which is a typical value for a large, bomber-type aircraft

(R = 80 x 106). For the confiéﬁration with body 10 the pressures on the
closing surface of the body were considered to be a part of the forebody
pressures; therefore, no (L/D)y is presented in figure 20(j). (L/D),

has been omitted for nacelle configurstions 8 and 9 since the base ares
would be filled by a jet exhaust. The variation of (L/D)¢ for the wing

alone has been included in figure 20 for purposes of comparison.

It is of interest to first compare the performance of the seven
basic wing-body configurations with the wing-alone configuration, while
considering only the pressures on the wing and forebody. This comparison
may be conveniently made by the use of figure 21. It is apparent from
figure 21 that, at typical operating 1ift coefficients (about 0.05 since
the 1ift of only the lower wing surface is involved), only the configura-
tions with the smaller bodies (1, 2, and 3) equal the performance of the
isolated wing, and none of these three configurations possess character-
istics substantially superior to the isolated wing, even though the
effects of the additional body skin friction have been neglected. The
maximum reduction of drag is about 0.0003.

When the skin friction and base drag are considered, none of the
basic wing-body configurations has a maximum lift-drag ratio equal to
that of the lower surface of the isolated wing. This fact is shown in
figure 22, where the maximum lift-drag ratios are presented as a func-
tion of body height. A turbulent skin-friction coefficient of 0.0013
was used in preparing the figure. Two sets of curves are included to
illustrate the effect of base pressure. When the nacelle application is

considered (no base drag), the smallest body (6 = 39, EL = 0.0525) has
o

a maximum lift-drag ratio of 12.1, which is essentially the same as that
of the isolated wing. As the half-angle or height increases, the maximum
lift-drag ratio decreases appreciably. For configuration 7 the maximum
value is 5.9. The trend of curves seems to indicate that it may be pos-
sible to exceed the maximum lift-drag ratio of the isolated wing by use
of bodies which have a small height and a small angle. The favorable
increment, however, is probably small. These small bodies might be
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considered to produce the same effect as wing camber. From a practical
point of view, it would appear difficult to obtain an installation where
the nacelle height was less than 4 to 5 percent of the wing root chord
unless the airplane is very large or the engines are partly buried in
the wing. The maximum lift-drag ratio is reduced by 2 to 3 units

(rig. 22) when the base pressure force is taken into account.

The 1ift coefficients corresponding to the data of figure 22 are
presented in figure 23. As the maximum lift-drag ratio decreases, the
corresponding 1ift coefficient increases. It is probable that for some
of the larger basic configurations the maximum lift-drag ratio could not
be utilized because of the high 1ift values.

The effects of modifying bodies 3 and 4 to represent air inlets were
studied with bodies 8 and 9 (fig. 2). These bodies captured the full
stream tube ahead of the body opening; therefore, the shock wave pro-
ducing the interference pressure fields originated at the cowl side lip.
As previously mentioned, the cowl side lip lay in the plane of the two-
dimensional, theoretical shock wave produced by bodies 3 and 4. The
results presented in figure 24 indicate that the modifications Just
described had no measurable effect on the interference characteristics
of the basic bodies. It thus appears that the interference effects of
rectangular nacelles which operate at a mass-flow ratio of 1 may be sim-
ulated by similar bodies without air flow. As the width of the air inlet
becomes greater, it is possible that the degree of simulation may decrease.

The effects of replacing the square outboard corner of body 4 with
a circular or elliptical corner are shown in figure 25 where the lift-
drag ratios of configurations 4, 13, and 14 are plotted as a function of
the 1ift coefficient. For either a nacelle or a volume installation, the
modified corner increases the maximum lift-drag ratio. The increments
are larger for the nacelle application (no base drag). For this case
the circular edge shape increases the maximum lift-drag ratio from 8.7
for configuration 4 to 9.8. If the comparison is made at a constant body
height of 0.12c,, the lift-drag ratio is increased from 8.3 to 9.8.
(See fig. 22.) The increase in performance obtained with body 13 is
partly due to the fact that the frontal area of the body is less than
for body 4, and also the pressures over the rear portion of the body are
less than for body 4. The pressure reduction may be seen by comparing
figures 16(d) and 16(m) to 16(p).

The results of other modifications to body 4 are shown in figure 26.
For a nacelle installation, small gains in maximum lift-drag ratio may
result from maintaining a constant width over the rear portions of the
body (bodies 11 and 12). These increments are small when compared with
the results of rounding the outboard edge of the nacelle (body 13). For
a volume installation, reduction of the maximum body width results in a
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significant increase in maximum lift-drag ratio, primarily because the
base drag is reduced. Removing the bottom of the basic body along a
Mach line (body 10) improves the lift-drag ratio (L/D); of the basic

body by a small amount.

Interference Effects Based on Volume Considerations

In the previous section it has been shown that the overall 1lift-
drag ratio of the isolated wing is not improved by the type of wing-body
interference discussed herein. This conclusion does not eliminate the
possibility that the volume contained in these bodies may be obtained at
a relatively small drag penalty when compared with noninterference-type
bodies. In this section the interference characteristics of the bodies
are evaluated on a volume basis by means of an incremental drag coeffi-
cient (ACp), which is based on the body volume raised to the two-thirds

power. The drag increment is equal to the difference st a given 1lift
between the drag of a wing-body configuration and the drag of the isolated
wing and includes the skin-friction drag. The base-pressure drag is
included in (ACD,t)v and the discussion is based on these values. The

ccrresponding drag values for zero base drag (ACD,f)V are also presented

as a matter of general interest.

The reference body chosen as a basis for comparing the volume effi-
ciency of the various configurations was an isolated Haack body having s
minimum drag for a given volume and length (ref. 6). For a skin-friction
coefficient of 0.0013 the optimum fineness ratio of the reference body
was 18.1. The calculated drag coefficient based on volume to the two-
thirds power was 0.0195. This type of reference body was chosen because
it approximates an optimum fuselage shape and its drag coefficient should
be representative of the drag penalty incurred when volume is provided by
use of a conventional fuselage.

The volume efficiencies for configurations 1 to T are presented in
figure 27 where (ACD,t)V is plotted as a function of the 1ift coeffi-

cient. None of the configurations has a volume drag coefficient which
is as low as that of the isolated Haack body. Configuration 1, which
had the highest maximum 1lift-drag ratio for configurations 1 to 7, has
the lowest value of (ACD,t)v of about 0.026, as compared with the value

of 0.0195 for the isolated Haack body. For the remaining configurations
the volume drag coefficient is from two to five times as large as the
value for the Haack body. It is of interest to note that a large part
of the drag penalty is caused by the base drag. This fact is shown at
the bottom of figure 27 where the volume drag coefficient (ACD’f)v,

which neglects the base-pressure force, has been plotted. Under these

.
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conditions the drags of all configurations except with body T are less
than the drag of the isolated Haack body. It should be noted that since
the fineness ratio of the reference body was fixed at 18.1, the length
as well as the diameter of the reference body must necessarily vary as
the volume of the experimental bodies varied. The reference bodies were
always longer than the wing-root chord ¢, and varied from 1.25¢c, for
configuration 1 to 2.59¢y for configuration 7.

The effects of modifying the shape of body 4 are shown in figure 28.
Maintaining a constant width over the rear 50 percent of the body (body 11)
reduced the volume drag coefficient from that of configuration 4 by 30
to 40 percent. Smaller improvements were obtained by rounding the out-
board edge of the body and by maintaining a constant width over the rear
25 percent of the body length. The volume drag of the basic body was
increased by cutting off the bottom of the body along a Mach line. If
the base drag does not have to be charged to the configurations, then the
results of the volume efficiency comparison change and configuration 13
becomes the most desirable with an incremental volume drag of less than
half that of the Haack body.

The results just presented indicate that the volume drag of the
basic wedge-shaped bodies may be reduced by altering the basic shape.
The magnitude of the changes would be expected to vary with the size of
the basic body. It is not possible, however, to generalize these results
and to determine which body shape (a basic wedge-shaped body at given
values of & and h/c, or a modified shape at other values of & and
h/co) would have the minimum volume drag for a required volume. Configu-
rations 2, 6, and 11 had equal volumes and their volume drags may be com-
pared in figure 29. When the base drag is taken into account the modi-
fied configuration 11 is better than either of the basic configurations 2
or 6. It might be possible, however, to improve the characteristics of
configuration 2 by rounding its edges (similar to configuration 13) and
perhaps have a lower volume drag than that of configuration 11. Additional
experimental results would be required to determine this point.

CONCLUSIONS

An investigation has been made of the interference effects which are
produced at a Mach number of 3.11 by wedge-shaped bodies, simulating
nacelles, located under a triangular wing. The effects of the basic
variables of wedge angle and height, of air flow, and of modifications to
the basic shapes were studied by measuring and integrating the pressures
on the bodies and on the bottom wing surface. The results were analyzed
both from nacelle considerations where the base-pressure effects may be
neglected and from volume considerations where the base-pressure effects
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must be included in the drag. The data and discussion do not include
the forces generated by the top surface of the wing since the body pres-
sures are generally felt only on the lower wing surface. The tests were
made in the Langley gas dynamics laboratory in a blowdown jet at angles
of attack from 0° to 6°. The following conclusions were reached:

1. The use of the basic body shapes under the triangular wing did
not result in a maximum lift-drag ratio which was larger than that of
the isolated wing, even when the base-pressure drag was neglected. The
maximum lift~drag ratio of the configuration with the smallest body was
about equal to that of the wing alone, but the use of larger bodies
resulted in lower values. Use of bodies smaller than those tested might
produce meximum lift-drag ratios larger than that of the wing alone, but
the increment probably would be small.

2. The agreement between the linear theory and the experimental
results was fairly good at low lift coefficients for the smaller basic
bodies. The discrepancies increased as the body size increased. At high
1lift coefficients the linear theory predicted more drag than was measured
but underestimated the forces at a given angle of attack.

5. Modification of the basic body shape by rounding the outboard
edge of the body or by maintaining a constant width over the rear portion
of the body reduced the body drag and improved the maximum lift-drag ratio
of the basic wedge-shaped body.

L. Modification of the basic body shape to incorporate a supersonic
nose inlet did not alter the interference characteristics of the basic
shape.

5. When the bodies were considered from the viewpoint of drag per
unit volume, and the base-drag effects were included, it was shown that
none of the bodies were as efficient as an isolated Haack body of fine-
ness ratio 18.1 which was used as a reference.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., July T, 1959.
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APPENDIX A

The linear-theory equations from which the calculated results were
obtained are presented herein. These equations were obtained from the
Langley Theoretical Mechanics Division.

The 1lift coefficient induced on the lower wing surface by the bodies
is independent of angle of attack and is expressed by the equation

-Blghf, ph
C1,B BnBCO( )

The total lift coefficient on the body and lower wing surface at
angles of attack is expressed by the equation

2a
CL,p = CL’B + —
B
The drag coefficient CD,B of the body is induced by the pressure

field of the body itself and is expressed by the equation

U



o0 [ XA L] [ ] L] (X ] o0 ¢ 089 & 080 oo
Seee 0 et %e Ste toe ot
e o o L L4 L XX ] L] e o o [ ] :.. :.'
LA LN ..m‘mm. L I 4 L] l9
1
, The drag coefficient of the wedge CD,B,W 1s caused by the pressure
M field of the wing and is expressed by the equation
Y 2
e 2 _
Cp gy = 2a 4gn -1 1 A
yD,W B ) 1 Co 3 s —__T]
- h
h v,,e (e - ()
o}
L B W\2 I~ - 3
2 2(2_) (n2 ) l)'+ 2ﬂ2 . gE 2
2 + 2 tan~l ——9 | _ —_— sin"l El_l
* nVn2 -1 } /Bh\2 2 -1
ﬂ»l "\
- - \ O/J s

The total-pressure drag, with base drag neglected, is expressed by
the equation

Cp,p = Cp,B + Cp,B,w + (CL,p)OL
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TABLE I.- PRESSURE FORCES MEASURED ON WING ALONE AND

CONFIDENTTIAL

2l

ON WING-BODY CONFIGURATIONS

Configuration a, deg CL,p cD,p Cp,b
0 0 0
Wing alone ; oot 0588
6 .0859 .00902
0 0.00772 0.000169 0.00095
B 1 2 .0386 00164 00050
ody i .0636 .00495 -00083
6 L0974 .0109 .00072
0 0.0186 0.000866 0.00313
2 .0507 .00302 .00%0k
Body 2 4 0773 .00705 .00292
6 .1100 .0137 .00287
o 0.0144 0.00064 0.00221
Bod 2 .ob11 .00233 .00217
3 4 L0721 .00636 .00209
6 1044 .0128 .00199
o] 0.024% 0.00175 0.00466
y 2 .0523 00426 00470
Body L ~0830 ~00890 “o0k55
6 .11k L0159 .00khT
o] 0.0360 0.00343 0.0067L
2 .065% 00637 00671
Body 5 y .0962 L0119 00648
6 .1296 .0198 .00648
o 0.0230 0.00158 0.00347
2 .0509 .00385 .00335
Body 6 n .0790 .00815 .00321
6 .1110 .0150 .00310
0 0.0532 0.00798 0.0102
2 .0850 012k .00989
Body 7 Y 117 .0192 0102
6 145 .0280 .0105
o] 0.0121 0.000564
2 .0b07 .00238
Body 8 L .0705 00622
6 .105 .0129
0 0.0243 0.00168
2 .0522 00418
Body 9 L .0825 .00895
6 .11% .0160
0 0.0153 0.00519%
2 .0k21 .00706
Body 10 L .0725 L0111*
6 .104 L0171
0 0.0162 0.00117 0.00212
2 .0k15 .00289 .00202
Body 11 y L0713 00672 .00197
6 .10k .0130 .00181
0 0.0214 0.00158 o.oo5ﬁs
2 .0L89 00377 .003h4
Body 12 y .0782 .00801 .00335
6 .110 .0146 0032k
0 0.0299 0.0004T o.ooh5g
2 .0549 .00391 0043
Body 13 4 .0850 00856 .00k33
6 .120 .0159 00419
0 0.0277 0.00155 0.00400
2 .0560 L0013 .00%00
Body 1k y .0871 .00902 L0039k
6 .120 L0164 L0039k

*
Includes pressures on rear surface of body.
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Figure 1.~ Schematic drawing of experimental setup. All linear
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h y Vol. y
Body Sdeg T, g, ¢ -E%
| 3 00525 00525 000138
2 3 158  .0525 00413 \:\
3 6 0525 .105 00276 €
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Body 8,deg .(':lo ?yo

8 6 00525 0.l44
9 6 .105 144

Body 8
Body 9

0525¢, <
(a) Bodies 1 to 9.
Figure 2.- Schematic drawing of body shapes investigated. Wing

extension deleted for clarity. Wing root chord co 1is
8.66 inches.
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Figure 4.- Pressure distributions on bottom surface of wing alone and
comparison with linear-theory predictions.
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figurations for bodies 3, 4, and 5. & = 6°. Flagged symbols are
from faired data.

L-25k4



o ese * [ ] [ ] e 0 & 090 & 000 oo
L I ) L J 9 L ] L N ) * o L]
::i xOnvproddids, e 2 fe §i. S
[ X ] e8e e ese o e o0 L 2] ®* o e 090 o
w
. x'_ g082 X -lo.ezs
Co Co
. ; - 1
T - S
. S e
1 R = S R
+1 -
x' - 0178 . X . 0.71
t-o X .o
(o] | J - ] L 1] 1
| ~ A
B s e e ol A
+ % L ™3~
=
L‘\ T
By X =028 2 = o798
- o (‘F‘ o 0
-~ 1 |
g TAL\«O«“‘“NO—
. )-«._.&\ i a\rg;:fzg\g
e
RRSNE
Cp
x5 365 x _lo.ggs
Co Co
0 ; ¢ J
= F‘\—\ =1 7 i
—O—aﬁ g gé,f‘i&t?; S o
s RSN P
oL 9led T
’ S~ —
1 4
x To97)
- o Co
- —
S === . e Y
s N \‘:(J\ \\il
.
L h
X-o0538 Body 2
0 Il
“\‘\t@ —_ 3 0.0525
s N —— 0 4 0.10S
+.1 B i S | 5 0.158
R wing alone
[ E— | ! 1 L
19 Z = % 8 0 Z a A B8
/%
(b) a = 20,

Figure 6.- Continued.

Y




3L

oa o8se ® s : L N ] o0 * : [ ] o8 0 [ R ]
[ IO ° L ] L ] *® L 3 [ ] [ ] [ L] [ ] [ ] ®
te st e oCQ I?J.EgJTIaL o *
oe se0 L ] L L[] e ae 'Y X J o ens LR ]
0
5
h O —0—T"
TS SN
: T 1~ 1~
K é:aoaz« ***::Lo . 0.625 o
o)
. A |
L i asE—-
+l r- i
1N : e o | T3
%l\»’}g & =o178_| *—Z‘;:O'—'”
ol D | |
° o ot |
. N Ny A e v 1
' Q\\ ~ f ]
N=S | _é(_ = 0.278_] P é‘o =0.798 <
N I |
+2

Cp

(@]
[/
g
AN

o
71) I
/
e
<
]
7
ki
iy

+i

g
!

- 0.365 | X . 0885

o

+2

- =
£ e e

+l =g :\‘IJ‘I~~\_| l =5
"~ %’ - 0.452 | :7 = 0.97i
o o
v | ||
0
h
| Body T,
& oIy —0 3 0.0525
+1 = 54\‘_\“ _____ ) 4 o105
T X .0,538_| —_— 5 0.158
Ce | - Wing alone
+2 l J — ! 1 1 1 S
0 2 4 6 8 o] 2 4 6 8 1.0

(¢) o =4°,

Figure 6.- Continued.

L-25k



L=254

® oo o L)
L4 * o 9 * o ®

i LONPIDENSIAL. °

L ] LR X ] *s 800 s o oo .

.

,,
o
_
el

+

X 20. X oo
c, 20178 co‘°‘7"

Ao

Figure 6.- Concluded.

==
> ~ O
- § | X -oasy ] ﬁ\:\\
e co SRS
k l L
h
Bodlj ?o
——=0 3 0.0525
—_—— 4 0.105
L 0538 —-— 5 0.158
Io — Wing alone
| — i Il 1 1 J
2 8 0 2 4 6 8 Lo
y/t
O
(d) o = 6°.

35



ea o6 é o a0e o S0 LN * L] * .0l [ R ]
* ® L] L ] L L ] L] * o L ] L] * o L L ] L
36 S v et s 0t S COMFIDENTIAL o % o
‘.: ..: : : : .'. L X L] L ) [ X X J L2 J LA N1 .o
-1 T : —
" o = 01"
& - o082 %o = 0.452 é = 0198
OH =7 me” 3—‘f: i - b —
ol i oot
| _ I_ D (R | SR I T B s
A R - S — = = —
+2
-1 T T ' T
Z.Ozo.ne %0 =0.538 %(_0 _"0.885
o] { o q A
I P
T j | & %__
+ 4 jk\g‘ — (k l‘L ;] _ '_ﬁ LT T
+.2
Cp
| T T
X . X = 5 "X -T097
2-0218 & -0 62 x - 09
0 /j 7—("/0] €t 3\~-Q/ /q Y]
Iy ) e )
} . = —('\_._;_O_ } .
: ' Rl ST e S §
v f\0~\i £‘-L\ i T
i l fL —] a1 t
%,(1“* i
t 9 -
|
P - _
25‘0‘3"5 CLO = 0.7
Ve \
0r7 g  o— _J @k — Body b
A A&X‘*T’*“<*' ——0 6 00525
g |
+ Bl d— ] —-—4a 7 0158
e — R Wing alone
+7 L 1 1 TS T il
0 2 4 0 2 4 8 © 4 6 8 1.0

Figure 7.- Pressure distributions on 1lifting surfaces of wing-body con-

figurations for bodies 6 and 7. & = 9°.
faired data.

Flagged symbols are from

L-254



»

5L

cp

57

L X ] ¢S L ] e e @ 90 o :.. o
:::'..Ni‘ }i\‘i' ®s o e 5 ee o ¢
CO [AYe
:.. :. ... .;[P. e o0 ... : : : :.‘ :..
-4 T T
’ = V. X - 0.452 X = 0.798
%‘;_0'082. CD 0 Cu
0 | J“ 1
fl» e ] '\,LQTZ-JN\ — ]
I%"Q\Jr S0
il H =
| ] Aoy
psY
t.z
E 5.178 X X _0.885
_é_°=o.|1s o 0.538 z,c
o y
A o = 4 4] o T+ —— [
T’ l o) - —O——]
Rk e L |
~y o - =
QL. 4
2 - .
~d T T A X .
é:o.us Clo;obzb T 0971
0 p e @]
o H— \TJ P - L[ A P~ A o —L | L
- D s @ =y — = O
RS ST
+ ) P
1 ( = wy -
ﬁ1 J L
L\
vy < _ B S I -
-l v T T
X - 0.2 X _o.
.7 0.265 & o- 71
Bod h
c Y Co
?L\‘ “‘o’l C’/—\ s e J 5 6 00525
F H ;-_—_(Lh(% — _j‘ —
t I?—O\ \‘d%l L o — J - - 1 1 0.158
) - Wing alone
e —
'|'/ l L i 1 1 1 ]
0 2 o 2 4 [ b 8 o 2 4 6 8 10
Y/
(b) a = 29,

Figure 7T.- Continued.

-



38 00 0 L 0t L CCEONRIRENTIAL e “Te o7
o o o0 L] *e [ ] L [ ] ... : : .: : :
..: .': : : : ... ... : : eaee .0 [N X J [ X
ol — LF/QZ
h S o Z | . 1
\\ T
+.| p_\JL . I r \\Q/
| <t L e
<) 1177 F T
? ~ L ]
+? bt — —a—t —
X _o.082 X - 0452 X . 0798
3 G| ] G, | o Co |
0 A . L
N T T LRY‘ NN 7:ﬂ§*il—~ —] _
~N — 1 T —
+J»l é"_‘ﬁ*\\cﬂ? i;i— I i e 7
g, ;,JJ\ e
\O\ T~ - »\r _
UL A 4 I O
: ~
X - 0176 | X =0 s3¢% 1 T X _o8ss
3 ° | L Co |1 C | {
Cp
0;- [ ——
i 1] A
v T \‘\»\
, ~J Qm-«}\\\\‘\\fL (ﬁ}‘~§o\‘\‘%}~ T
A 0. I - - <t \,j,,\(}
o e JY J] — < ST R ad
T \n( N 5\4 I <
l iy = - _.._..___‘.‘g_
1 =
b2 . Fetf — S N 1
X -.0.278 X . 0.675 X _o0.910 R
+ 3 ° 1 1 Co | l ° 1 ]
O —_
L] ] 1
9] = ~ F e b i -
/ O~ A
+1 ._\&;‘._\d . lyigE e ,J@ Body %D
O A [ N A Y o SO B | O — 0 6 00525
| ™y
+ 2 T (IS IR S A SN DR I — - — 7 Q158
e - \/\/ir\(a alone
2=0365 CL = 0.7 T T
+3 S I ° 1 | L [ SN SIS SR
o] 2z 4 Q 2 4 6 2z 4 6 8
Y/%

(c¢) a = 4°,

Figure T7.- Continued.

L-25k



L-254

cy

39

* [ ] [ ] o® & 900 o o200 oo
e ¢ 3 CONPIDENRIAle ®. o 2° ¢ ..
L X J *0e e 009 o ® oo *e e o ® 60¢ 90
0 J« ) o
{ [— gL-L ~ == 1
\ ) [
+i - ]
BN S
i\’*“\Jl\ q Q\\ et
+7 <
% i
% =o.0ez é)=0452 X -0798
+3 | 1 1 1 ° |
o
y e
i ndin i o e
g N — N~
AN el TR
é—-r\éﬂ\\ TN
+2 »\ (l\ ~N
2
X -0ws X '-0.538 % =0.885
+3 01 | °| | ol 1
O /| T
| 8| g
+ ZI I~ T [~ cal j;j;;*-?\\“
\ T ~o S - -l \\i\\\\
. v — I
e T \4\-\\C e X
+2 — <] }q
R
‘;\1:0;18 X - o625 X -o9m
+3 ‘t ] °) | i |
1D
A p
7 = h
+1 Bodg &
N o1 o
| ~.J 1| I\ —_ 5 6 00525
R(i T ™
. ~ _— 7 0.158
+2 — 47
112( ! - W[ncj alone
X-035 (’ff = 0.7
+3 ‘L 1 oy 1 - | 1 ! i |
0 2 4 2 4 N7} b B8 0 2 4 6 .8 10
Y/7
(d) a = 6°.

Figure 7.- Concluded.



4o W00 0t sttt s CONFIPWTIALE"s °°3 o8
® o L X J L ] L X [ ] ® [ ] o o [ ] L ] ae © L]
e @ e o ¢ o b * o0 e L L ] e o o
ee eee o L [ ] o6 o * L] *0oe o0 [ X N o8
-t . .
| [l .
- S S 0.082 N L{_ = 0.625
0 o g
=yt g 1 AN N R B R
Ine e 4
O
1.1
-1
[
Clo - c178 X zo7
0 @]
0O i — e - —t
![P j KEJ:—F «:&j 8|
1
-1
C%):o,?va )C‘— =0.798
05 T ~ O
L ey
IE HRCS e S e N
o=t L
[l
et -1
Cp_.| [
X - 0.365 X _ 5
| [ ?‘n‘O'P'B _
|
0 _(j)‘! l% rally! 5 o
| T L. I
1 —
-
g I
o = G.452 X 097N
i ° °
o,ﬂ/: | ollS|
:'_[F‘\ ﬁj_\\{]d - E 'TI )—__D*—:~ﬁ:] &
y [
-1 -
g
= - 0.538 Bodg l’_cl
[j o
POWal | el —0 3 0.0525 /7
03_ G“'}; - ] S
~---00 8 00525 Q
1 L_ 1 1 1 1 ]
0 2 4 6 8 o) 2 4 6 8 1.0
Y/
(a) a = 0°.

Figure 8.- Pressure distributions on lifting surfaces of wing-body con-
figurations for bodies 3 and 8. Flagged symbols are from faired
data.
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Figure 9.- Pressure distributions on lifting surfaces of wing-body con-
figurations for bodies 4 and 9. Flagged symbols are from faired
data.
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figurations for bodies 4, 11, and 12. Flagged synmbols are from
faired data.
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Figure 12.- Pressure distributions on lifting surfaces of wing-body con-
figurations for bodies 4 and 13. Flagged symbols from faired data.
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Figure 13.- Pressure distributions on lifting surfaces of wing-body con-
figurations for bodies 4 and 14. Flagged symbols are from faired
data.
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Figure 15.- Continued.
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(a) Bodies 1 and 2; & = 3°,

Figure 14.- Shock locations for configurations with basic bodies.
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(b) Bodies 3, 4, 5; & = &°,

Figure 14.- Continued.
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(c) Bodies 6 and 7; & = 9°.

Figure 1k.- Concluded.
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Figure 17.- Comparison of linear theory with experimental results for
wing-alone configuration. Upper wing surface not considered.
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theoretical variation of pressure forces at o = 0°.

face not considered.

Upper wing sur-



90

£ xper/menf

Linear Theory

nhe=l

ﬂ/ﬁ

I\

.008

007
006
005

.003

002

.00

/6

.12

.08

.09

7,

CD;P'

(b)

Figure 18.- Concluded.




L-254

S sl cemrmbmwerares o 3T
.0/6 A
Body c Linear f‘/)eor_y [xpenmm/‘
/ 0525 —— @)
oy | 2 J58 e — e —— o
A= 6"
o N
- \\% \\g.
),
o/ /
.0/0 7
7
C/) p .00% | //
/
y 1
/
RAAS /},
7T0
//
,00%
/' 1
b
002
o4=0° o
“ﬁt:\ e
N
O oz oy o6 9y 970} /2
C
L)/D
(a) & =3°

Figure 19.- Comparison of linear theory and experimental results for
wing-body configurations. Upper wing surface not considered.
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Figure 19.- Concluded.
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Figure 20.- Lift-drag characteristics of wing-alone and wing-body con-
figurations. Cg = 0.0013. Upper wing surface not considered.
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Figure 20.- Continued.



96

2y
22 “\\
\
\
” \
/48
. \
y \
L
——Wm_q olone \( (/D )/:
L
/—/D /2 7/\ < (/D)f
‘ (%)
/,’—F\\\é/ /)\ t
/0 e
/ A N
&
P // 1/ N \\
i AT
// T~
4 ya
/
I /
] /
¢ 7
/
I
!
2
/
° o 02 .0y Zi of Lo w»;l
(c) Body 3.

Figure 20.- Continued.

P,

L-25k4



L3P

97

CONFRDENIIRL °,

|
/
w1y |
Q
N Q&L
SIS | A |
U N ™~V 7 |
R ,_
KT
P
2Nl
\\V;
k /
L
3
N Y
™ 7~ |
s ///
o
N "
Q
RN
7Ce-1

SO /2

.08

R7y4

.02

(d) Body bu.

Figure 20.- Continued.
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Figure 20.- Continued.
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